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ABSTRACT 
 
 Acrylamide occurs in foods commonly consumed in diets worldwide. It is formed from the reaction of 
reducing sugars (e.g., glucose or fructose) with the amino acid asparagine via lots of the Maillard reaction, 
which occurs during heat above 1200C (2480F processing of foods, primarily those derived from plant origin, 
such as potato and cereal products,). No, data are available for effect of γ- irradiation on acrylamide content in 
food. Therefore, γ- irradiation doses (5,10,20 kGy) were used for decontamination of molds in collected coffee 
green beans from local markets in Cairo, Egypt. Besides light and dark roasted beans were irradiated with same 
doses. Studying the mold natural contamination of coffee beans proved that presence of high numbers of 
toxicigenic molds as Penicillium sp. and Aspergillus sp., such as A. niger, A. ochoruses., A. flavus besides 
Fusarium sp and Cladosporium sp.All these fungal account decreased by γ- irradiation especially at high doses 
(10 and 20kGy). Also, the acrylamide content decreased significantly with green coffee beans whereas, the 
content increased linearly with roasted either light or dark beans .At the same time, studying of Electron Spin 
Resonance (ESR) of irradiated beans to follow the free radicals proved that high intensity of signials at 5.0, 10.0 
kGy were resulted clearly. Also, the mutagenicity test proved safety of irradiated green coffee beans for human 
consumption. Therefore, its better to irradiate the green coffee beans for decontamination at 10 -20 kGy than 
using roasted beans. In this respect, the irradiated green coffee beans become more safety with low acrylamide 
besides free of mould contamination. Finally it could be recommended that using low dose (10kGy) of γ- 
irradiation for decontamination, disinfestations of green coffee beans are safe for human consumption besides 
decreasing acrylamide content. 
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Introduction  
 
 Food irradiation are ionizing radiations from radioactive isotopes to reduce microbial contamination on 
food, resulting in improved microbial safety, as well as extended shelf life of food (Komolprasert, 2007). At 
present, over 50 nations use radiation for biological decontamination of various foodstuffs on an industrial scale 
near 120 products (IAEA, 1998; Farag et al, 2007). Irradiation has been approved up to 10 kGy by, (IAEA, 
2003). After that, WHO, 1981 raised that levels to 75 kGy for some products (WHO, 1981). In Arabic area, only 
Egypt has γ- irradiation uses on commercially scale since 1977 for sterilization of dried foodstuffs, herbs, and 
medical goods. (Farag et al, 2007).  
 Coffee beans are mostly contaminate with bacteria and fungi to cause human diseases mainly due to 
presence of Ochratoxin A (OTA) as fungal metabolites which produced by various Penicillium and Aspergillus 
strains (IARC, 1993, Taniwaki et al., 2003). Its kidney toxin and possible genotoxic potently nephrotoxic, 
carcinogenic, the potency was varied markedly between human races and gender. Irradiation and different 
treatments can reduce OTA content to safe levels (Farag, et al, 2008). γ- irradiation processing of green coffee 
beans was found to eliminate the A. ochraceus spores as well as inactivate OTA without affecting its sensory 
attributes. Thus inclusion of γ- irradiation in the postharvest processing chain of green coffee beans would be 
very useful for consumer safety and coffee trade (Farag, et al, 2012, Kumar et al, 2012). Also, irradiation up to 
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10 kGy more affective in controlling insects, molds, bacteria without any changes in flavour of coffee. (Urbain, 
1986). 
 Many hazardous compounds have been identified in food, due to polluted environment, such as polycyclic 
aromatic hydrocarbons (PAHs) and heavy metals (IARC, 1993, Taniwaki et al, 2003). Recently, some 
contaminants in food, such as PAHs, chloropropanols and acrylamide,which are generated in food during heat 
treatment procedures, have attracted the public’s concerns all over the World (IARC,1993, Pittet et al, 1996, 
Codex Alimentarius, 2003). The measuring of mutagenicity of processed food proved its toxicity as done by 
Farag and Korra, 2008 (Table 1). 
 
Table 1: Mutagencity of some processed food.  

Samples Average ± SD
Blank samples 2.0±0.707 

Roasted bread spots 14.25±3.4 
Potato chips additives free 44.75±5.76 

chees tasty 12.63±2.2 
Corn-rice crisps (Sandose) 5.75±2.5 

Poultry (rosted) 30.5±8.29 
Fish (grilled with wheat bran) 18.5±6.1 
Sweet candy (caramel candy) 12.5±3.28 

 
 Acrylamide (CH2=CH-CONH2) is a chemical compound used to synthesize polyacrylamide. The chemical 
structure was illustrated in Figure (1). In rats assays, acrylamide induced significant characteristic neurotoxic 
symptoms, such as decreases in grip strength and locomotor activity (Tateo et al, 2000, Bellı et al, 2004). 
Acrylamide can increase the risk of tumors of the mammary glands, central nervous system, thyroid gland-
follicular epithelium, uterus, colon and clitoral gland in rats (Van der Merwe, et al, 1965, Abarca et al, 1994). 
Its potential health risks may extend to human beings, and it has been considered by the International Agency 
for Research on Cancer as‘‘probably carcinogenic to humans’’ (group 2A) (Pitt, 1987). Since 2002, high levels 
of acrylamide have been found in some foods, such as fried, baked, grilled or toasted foods (Biedermann et al, 
2002, Codex Alimentarius, 2003). 

 
Fig. 1: Acrylamide structure. 
 
 The high acrylamide level in some foods has attracted public concern as a thermal process-induced 
contaminant. The potential risk to public health of acrylamide in food has been considered by many government 
agencies and national authorities. As presented in (Table1). 
 The carcinogenicity of acrylamide in humans after occupational or dietary exposure has been thoroughly 
reviewed (IARC 1994, Shipp et al. 2006, Hogervorst et al. 2010, Pelucchi et al. 2011). In individuals exposed 
occupationally to acrylamide, there has been no consistent dose-related increase in cancer incidence at any 
organ site, with the possible exception of the pancreas. To date, a large number of epidemiology studies have 
investigated possible associations between dietary intake of acrylamide-containing foods and the incidence of 
several types of cancer in humans. The majority of these studies have failed to show an association with 
acrylamide-containing foods. The most recent comprehensive review and meta-analysis of dietary acrylamide’s 
role in human cancer was published by a team of European researchers (Pelucchi et al. 2011). The meta-analysis 
studied 25 relevant studies chosen from a much larger database. Relative risks were calculated for an increase of 
10 μg day−1 of acrylamide intake and were close to 1.0 μg for all the cancers considered. None of the 
associations was statistically significantly increased.  
 The authors concluded that the available studies consistently suggested a lack of an increased risk of most 
types of cancer from exposure to acrylamide. 
 Mitigation of acrylamide levels in foods has been based on voluntary and collaborative actions involving 
both national authorities and companies producing acrylamide containing foods (Lineback et al., 2012). The EC 
(Eroupaean Commission) 2011 has been actively involved in these extensive efforts since 2002. Table (2) shows 
summary of reported amounts of acrylarnide in different products and product groups as adapted from Mills et 
al. (2009) and Petersen & Tran (2005).  
 A margin of exposure (MOE) was employed by JECFA(2011) to determine the potential human risk of 
exposure to acrylamide at the levels noted above ,subsequently, the level of regulatory or non- regulatory 
interventions that might be considered take account of the size of the MOE. Risk management of acrylamide in 
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foods issues has been on a voluntary collaborative basis involving national regulatory agencies and companies 
producing foods contaning acrylamide. No country has used regulatory action yet to set limits on the acrylamide 
content for health consumer. In Germany, a signal value for risk assessment i.e. the lowest acrylamide level in 
the top 10%of commodity group, that level not more than 1000 µg kg -1. In the same time the regulation showed 
the producers must decrease that levels if was more that signal value. (Lineback, et al, 2012). 
 Most of the major countries have advised consumers to follow the dietary recommendations for a balance 
diet issued by their food regulatory agency. But all the available data still need more research to reduce that 
level to minimum values for more safe food. The present work .introduce first study to follow the changes of 
acrylamide content in irradiated green and roasted coffee beans as a trial to control fungal infection besides 
study the acrylamide levels in treated coffee with relation to genotoxicity. 
 
Table 2: Amounts of acrylarmide in different products. 

Product/product group *Acrylamide range (µg kg-1) 
Potatoes (raw) <10-<50 

Potato chips/crisps 117-4,215 
French fries/chips 59-5,200 

Bakery products and biscuits 18-3,324 
Breads <10-3,200 

Bread (toast) 25-1,430 
Break.fast cereals <10-1,649 

Other fruit and vegetable products <10-70 
Chocolate products <2-826 

Roasted coffee 45-935 
Coffee substitute 80-5,399 

Coffee extract/powder 87-1,188 
Meats <10-116 

Dairy products <10-100 
Baby food and infant formula <10-130 

*According Lineback et al (2012). 

 
Material and Methods 
 
1- Sampling and treatment: 
 
 Twelve samples of raw imported Arabica green coffee (beans) (Coffee Arabica Linn., Rubiaceae) (1.0kgm, 
per each), involved commercial light and dark roasted samples have been collected from local markets in Cairo, 
Egypt. These samples were irradiated with three doses. 
 
2-Methods: 
 
2.1 Irradiation process: 
 
 The irradiation process was carried out at National Centre for Radiation Research &Technology (NCRRT). 
Samples were irradiated with γ- rays at different doses 0.0,5.0,10.0 and 20.0 kGy. The irradiation process were 
performed at room temperature using a Co60 γ-source with dose rate of ~ 2.77 kGy/h. The irradiation source had 
been calibrated by the National Physical Laboratory (NPL, Teddington, UK) using the dichromate dosimetry 
system. 
 
-Isolation and identification of fungi from coffee beans: 
 
 The fungal counts for collected coffee beans samples were isolated according to the method of Ichinoe and 
Rehberger (1983) as follow: samples were ground in a Buhler mill then 10 grams of each ground sample were 
transferred to sterilized flask containing 90 ml of sterilized saline solution. Serial dilutions i.e. 10-1, 10-2, 10-3, 10-4 
and 10-5 were prepared then 1 ml was transferred on a Petri dish containing potato dextrose agar medium and 
incubated at 25  2C for 7 days (Ejechi, et al, 1999). The fungal colonies were counted then picked, purified on 
potato dextrose agar (PDA) slants and incubated for 5 days at 25  2C for identification.. The purified fungi 
colonies were identified according to the methods described by Nelson et al. (1983). 
 
2.2 -Acrylamide analysis: 
 
 Samples were allowed to swell adding water in an amount normally corresponding to3 times the weight of 
the sample (more for exceptionally dry samples). Preparation, 10 g of the homogenate was weighed into a 100 
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ml centrifuge glass with a screw cap and thoroughly mixed with 40 ml of 1-propanol.all analysis steps were 
done according using GC-MS according. Biedermann et al (2002). 
 
2.3-Preparing samples for ElectronSpin Resonance (ESR): 
 
 The dried samples were crushed with mortar and pestle and sieved, retaining the 200 – 300 µm size 
fractions. Each 100 mg of dried powdered sample was inserted in a Perspex phantom of 5 mm thickness as a 
buildup material. Dried samples were cut to a height sufficient to fill the height of the microwave resonator (3.0 
cm length). The ESR measurements were carried out two weeks after irradiation to avoid any false signal due to 
grinding according our preliminary experiment in preparation samples.  
 
-ESR-spectroscopy measurements: 
 
 ESR spectra were measured with an X-band ESR spectrometer (Bruker, EMX) at room temperature using a 
standard rectangular cavity (4102 ST) operating at 9.75 GHz. with a 100 kHz modulation frequency. The ESR 
parameters were chosen to provide the maximum signal-to-noise ratio for non-distorted signal. The microwave 
power and modulation amplitude were 6.3 mW and 1 G, respectively. The response time constant was 40 ms 
with the field-sweeping rate of 100 G/164 s. The intensity of each sample was measured three times as the peak-
to-peak height and average values of these measurements were plotted. The standard deviation was about 0.5% 
from the mean value. Standard samples of MgO doped with Mn2+ , weak pitch and DPPH (a; a-diphenyl-b-
picrylhydrazyl) were used to calibrate the ESR intensity and the g-factor of the signal. 
 
2.4 .Genotoxicity test: 
 
 This technique has made to the development of the cytokinesis-block (CB) technique of human lymphocyte 
micronucleus assay (MN) a reliable and precise method for assessing chromosome damage. Consequently, can 
now be used not only to measure whole chromosome loss or chromosome breaks but also excision repair events 
after using toxic human substances. 
 
2.4.1. Preparation of blood samples: 
 
 Heparinized blood was obtained from six healthy, non-smoker volunteers who had no recent diagnostic or 
occupational exposure to ionizing radiation, laser, or chemicals and had not had any experience to recent 
allergic responses or drug administration .samples were prepared according to fenech (1993). 
 
2.4.2.Cell Culture: 
 
 Immediately, cells were transferred into 15-ml sterile plastic round bottom tubes containing only media 199 
(Sigma, Saint Loius MO, USA). Cells were incubated for 72 hours, adding cytochalasin B 48 hours before 
harvesting (Fenech 1993). 
  
2.4.3. Harvesting of Cells: 
 
 Forty four hours after the addition of cytochalasin B, cells were collected and treated with 0.8 % sodium 
citrate for 3-5 minutes and then fixed in 5:1 methanol: acetic acid. Fixed cells were dropped gently onto clean 
microscope slides, air-dried and stained with 4% Giemsa (Sigma, Sigma, Saint Loius MO, USA) using standard 
procedures. (Fenech 1993).  
 
2.4.4. Scoring Under the Microscope: 
 
 Slides were scored at 1000X magnification using a Leica Biomed microscope (Leica Lasertechnik GmbH, 
Heidelberg, Germany). Identification of cytokinesis blocked binucleatid cells and the frequencies of micronuclei 
in such cells were estimated according to the criteria stated by (Murtaugh et al,. 2004). Binucleatid cells were 
selected on the basis of having a well-preserved cytoplasm with two distinct nuclei of approximately equal size, 
which may be attached by a fine nucleoplasmic bridge or alternatively be overlapped. The micronuclei scored 
were therefore located within the cytoplasm and were not refractile nor linked to the main nuclei via 
nucleoplasmic bridge. From each culture the ratio of binucleotide (BN) to mononucleotide cells (MN) was 
determined by counting the number of BN per 2000 MN. Additionally 500 binucleated cells were scored for 
micronuclei. 
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2.5.Statstical analysis: 
 
 A Linear regression analysis was applied using Excel program; a Microsoft computer software to get value of 
R2. All values were average of three replicates with standard deviation. 
 
Results: 
 
1-Reducing the toxigenic mold contamination of coffee beans by gamma irradiation: 
 
 Coffee (Coffee Arabica Linn., Rubiaceae) is one of the most popular and consumed food products in the 
worled. Recently, Epidemiological and clinical studies have been attributing benificial health effects to this 
product, mainly due to its high content of phenolic components which considered the highest antioxidant 
components, while Coffee is most commonly dried by spreading it in a thin layer under the sun rays the most 
critical factor regulating drying rate is the weather - rain and dew, high humidity or clouds that reduce solar 
radiation (Duris, 2000). The dry method is used for about 90% of the Arabica coffee produced in Brazil, most of 
the coffees produced in Ethiopia, Haiti and Paraguay, as well as for some Arabicas produced in India and 
Ecuador. Almost all Robustas are processed by this method. It is not practical in very rainy regions, where the 
humidity of the atmosphere is too high or where it rains frequently during harvesting. Ideally, the final moisture 
content of properly dried green beans should settle between 10-12% (Clarke and Macrae, 1987). During drying, 
most of mold cause infection during pre-or post –harvest preparing beans and storage before marketing (Farag et 
al, 2012) .Table (3) shows the average of famous identified molds of green ,roasted coffee beans before and 
after the irradiation. The high contaminated levels of molds were in green beans which contained three toxigenic 
molds belonged to two species as Penicillium sp. and Aspergillus sp., which involved A. niger, A. ochoruses., A. 
flavus besides Fusarium sp and Cladosporium sp. 
 The data proved presence of mold in high levels in green coffee beans which decreased in roasted coffee beans 
either in light or dark due to high thermal temperature but not decrease presence of Ochra Toxin A (OTA) (Farag 
et al, 2012). Therefore, using of gamma irradiation decreased all the contaminated levels to safety levels after 
using irradiation doses especially at 10 kGy or 20 kGy. Many workers showed that contamination of green coffee 
beans with molds especially after martime transport, is possible under tropical conditions wherase, high humidity 
and temperature which activate the growth molds consequently excretion of aflatoxine during long trip from pre-
harvest to post-harvest to consumer which take some months (Silva et al, 2008). The same trends were observed 
by Farag et al. (2008), who reported that gamma rays eliminated controlled molds of green coffee beans at the 
range of 5 to 20 kGy besides decreased OTA in same samples during long storage. 
 
2-GC-MS analysis of Acrylamide: 
 
 Chromatogram of GC-MS analysis of acrylamide are shown in Fig. (2) at Rt=4.1. In the green coffee beans 
,the analysis proved natural presence of high concentration of acrylamide near 90 ppm which decreased linearly 
by irradiation gradually using different doses.The producing of acrylamide at low temperature (65-130 0C) was 
early detected by sweden researchers during 2005 (Eriksson, 2005). The presence of water in dry green beans -
which dry usually at low temperatureor under sunrays, usually contain moisture near 10-12%-ideal levels, but 
may by increase in some cases (Clarke and Macrae, 1987) prsence of low levels of water may be activated by 
gamma irradiation to produce free radicals resulted in indirect degradation of acrlyamide as shown in Fig. (3) 
and table (4). These free radicals involved de-amination and de carboxylation of acrylamide and consequently 
decreased the gradually with increasing doses. The rate of reduction was paralled with increasing irradiation 
doses in linear relationship. The relationship was shown in Table (3), the linear equation resulted as y=-
20.6x+86.3 with significant correlation coefficient R2=0.5112. 
 Whereas, the roasted coffee beans which treated with high temperature 250 0C at long time to produce 
roasted beans free from water. The roasted already contain the acrylamide -as in control near 11 and 18 ppm in 
light and dark roasted respectively. Irradiation of roasted coffee beans which –have no water –caused direct 
effects for incrasing Maillard Reaction Products (MRPs)–besides acrylamide all these reaction lead to 
deamination, de-carboxylation, and consequently gradually decreased the content of –acrylamid with increasing 
γ doses. 
 In fact, all browining reaction during roasting at high temperature are more complicated process whereas 
protein,lipids besides sugars compounds interference to produce MPRs and acrylamide in high concentration 
after enhancing by irradiation .This phenomenon was observed clearly with roasted beans either light or dark 
beans as shown in fig. (4). Increasing acrylamide content in roasted bean by irradiation was resulted in linear 
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realatioship with high significant as in table (4). These reactions were explained by Urbain (1986). Heat 
treatment during roasting induces formation of acrylamide in coffee under same conditions of formation of 
Millard browning products (MBRs) may be activate producing the acrylamide (friedman, 2003). The exact 
chemical mechanism(s) for acrylamide formation in heated foods is unknown. Several plausible mechanistic 
routes may be suggested, involving reactions of carbohydrates, proteins:amino acids,lipids and probably also 
other food components as precursors. (Lingnert et al, 2002).  
 Therefore, its better to irradiate the green coffee beans for decontamination at 10-20 kGy than using roasted 
beans. In that case, the irradiated green coffee beans become more safety with low acrylamide besides free of 
mould contamination. 
 
 Table 4: Effect of gamma rays on mold species of selected coffee*. 

Fungal species Un-irradiated 5.0 kGy 10.0 kGy 20.0 kGy 
1-Green coffee beans: 

-Fusariumsp. 
-Cladosporium sp. 

.Penicillium species 
Aspergillus niger 

Aspergillus ochoruses 
A. flavus 

 
6 x102 
7 x102 
6 x102 
9 x102 
8 x102 
5 x102 

 
4 x102 
3 x102 
3 x102 
5 x102 
3 x102 
3 x102 

 
2 x102 
2 x102 
2 x102 

ND 
ND 
ND 

 
1 x102 
1 x102 

ND 
ND 
ND 
ND 

-2-Lightroasted  
Fusariumsp. 

Cladosporium sp. 
.Penicillium species 

Aspergillus niger 
Aspergillus ochoruses 

A. flavus 

 
4 x102 
4 x102 
3 x102 
5 x102 
4 x102 
4 x102 

 
2 x102 
3x102 
2 x102 
3 x102 
2 x102 

3 x102 

 
1x102 
1x102 
2 x102 

ND 
ND 
ND 

 
1 x102 

ND 
ND 
ND 
ND 
ND 

- 3-Darkroasted  
Fusarium sp 

 Cladosporium sp. 
.Penicillium species 

Aspergillus niger 
Aspergillus ochoruses 

A. flavus 

 
4 x102 
3 x102 

2 x102 
3 x102 
4 x102 
5x102 

 
3 x102 
2x102 

1x102 
2 x102 
3 x102 
3x102 

 
1 x102 
1 x102 

2 x102 
ND 
ND 
ND 

 
1 x102 
1 x102 

ND 
ND 
ND 
ND 

ND = not detected  
*Each value express average of three replicats. 
 
Table 5: Effect of gamma irradiation on acrylamide content of coffee beans. 

20.0 kGy 10.0kGy5.0kGyControl Treatment 
21.03 14.8512.9390.33 Green coffee beans 
1282 459.9433.418.87 Light coffee beans 

1807.6 824694.911.797 Dark coffee beans 
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Fig. 2: GC-MS chromatograme of acrylamide compound at Rt =4.1. 
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Fig. 3: Degradation of acrylamide content in green coffee beans after gamma irradiation process.  
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Fig. 4: Linear relationship between irradiation dose and increasing of acrylamide content in roasted coffee 

(equation of Linear relationship, light coffe =381.6x-405.4, R2=0.9, dark coffee=551.7x-544.6, 
R2=0.93). 

  
Safety of treated green coffee beans: 
 
 This part was planed to follow the toxicity of new compounds in green coffee beans whereas, the 
acrylamide decomposed after low irradiation doses especially its easily to apply for decontamination and 
disinfestations at low doses of γ- irradiation as reported by many workers to decrease OTA (Farag et al, 2012). 
Irradiation are considered the ideal detoxification method would be easy to use, economical and not generate 
toxic compounds or alter other food quality parameters such as nutrient content. In our studies we tested the 
treated samples with ESR to follow the free radicals and its stability in consumed coffee besides genotoxicity 
test at 5.0, 10.0 kGy as recommended dose by WHO (1981). 
 
-ESR: 
 
 Free radicals detection of coffee green beans after treating with some irradiation doses, (5.0,10.0kGy) were 
shown in Table (5) and Fig. (5). All coffee powder samples show an ESR spectrum characterized by a single 
line having a peak-to-peak value of 0.7 mT.ESR spectra of coffee –not treated – display in addition to signals 
arising from paramagnetic ions (Fe3+,Mn2+) intensive lines near g=2.0 which are assigned to native organic free 
radicals. The same radicals generation after irradiation were observed by workers. (Ikey et al, 1989, farag et al, 
2007). These radicals can disappear after few days and will be safe for consumption .Many radicals can produce 
during boiling and roasting as showed by Farag et al (2012). Same author showed to presence signal which 
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attributed to a product of the Maillard reaction and assigned to protein-bound 1,4-bis (5-amino-5-carboxy-1-
pentyl)-pyrazinium radical cation. Also, irradiated samples were showed high values of ESR–intensity (Table 
6). That trend was clear with increasing doses from (5.0kGy and10.0 kGy). The composition of free radicals is 
may be due to decomposition of cellulose molecules as in most of plant origin sources. It is finger print for 
cellulose signals as showed by Ikey et al (1989). The presence of free radicals in coffee is not a reason to reject 
the irradiated coffee but considered methods for decontamination because even the roasting process gives free 
radicals in coffee.In fact ,most irradiated food are safe and accepted in more than 40 states now. WHO, (1999) 
and Farag et al, (2007, 2012).  

 

 
  

 Fig. 5: ESR of irradiated Coffee green beans samples. At different doses (A=10.0kGy, B=5.0kGy and, C= 
Control). 

 
Table 6: ESR intensity of treated green coffee bean samples. 

Treatments ESR intensity g-value 
Control (after grinding) 41 2.00994 

Irradiation: 
5 kGy 
10 kGy 

 
673 
726 

 
2.00964 
2.00976 

 
-Genotoxicity: 
 
 To assist that irradiated samples are safe for human consumption, without producing new ,more toxic 
compounds or leave toxicity after irradiation and its effect on acrylamide to avoid any new carcinogenic or 
mutagenic residues in final products the present test was carried out. Concerning genotoxicity treated coffee 
results are shown in Fig (4) and Table (5). No, significant differences were observed between irradiated and 
non-irradiated samples either at 5.0 or 10.0 kGy. That is mean that irradiated samples are safe without any 
toxicity. Whereas, same technique was used with processed samples as shown in Table (1). Data showed high 
values of mutagenicity as copared to irradiated samples. Irradiation may be destroy acrylamide and OTA 
besides disinfestations, therefore the present results are more safety for using gamma irradiation for 
decontamination of green coffee beans. The obtained results are in harmony with many references inrespect to 
irradiated samples more safe for human consumptions. Whereas, mutagenicity was observed for the roasted 
parts either of coffe or others food as shown by farag and korra (2008), it is effect may be due to Maillard 
products, heterocyclic aromatic amines (HCA), polycyclic aromatic hydrocarbons (PAHs) which produce during 
cooking at high temperature over 150°C or for roasting, to get the palatability for consumers. These compounds 
are generated resulted in rodents, inducing tumours of several organs (Jing and Kitts, 2002). 
  
Table 7: Ratio of binucleotide (BN) to mononucleotide (MN) cells as influenced by treatment methods. 

Treatments Average and ratio ± SD 
Blank 9.8 ± 1.7 

Control 22.0 ± 6.2 
Irradiated samples: 

5 kGy 
10 kGy 

 
18.7 ± 3.3 
16.5 ± 2.3 

 
Conclusion: 
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 Finally it could be recommended that using low dose 10kGy of γ irradiation for decontamination, 
disinfestations of green coffee beans are safe for human consumption besides decreasing acrylamide content. 
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